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ABSTRACT 


Nowadays, metal oxide semiconductor nanoparticles (NPs) have great attention due to their excellent material properties such as broad bandgap, high electron 
mobility, etc. Doping of these metal oxides with transition metals improves their electrochemical and optical properties. Herein, pure zinc oxide (ZnO) NPs, Ag-doped 
zinc oxide (Ag-ZnO) NPs and Mn-doped zinc oxide (Mn-ZnO) NPs were synthesized by sol-gel method. The structure and morphology of the synthesized NPs were 
examined by X-ray diffraction spectra, transmission electron microscope images, energy dispersive X-ray diffraction spectra, and scanning electron microscope 
images analysis. It observed that all three NPs have hexagonal wurtzite structures. Compared to pure ZnO NPs, the doped NPs show more agglomeration. The size of 
the NPs was calculated to be 16 nm, 22 nm and 36 nm respectively for ZnO, Mn-ZnO and Ag-Zn0O, respectively. Structural analysis and morphological analysis reveal 
that doping of Mn and Ag didn't affect the crystalline structure of ZnO NPs but surface area varies due to the lattice defect. Uv-vis absorption spectra reveal the broad 
light absorption capability of the Ag-doped ZnO NPs. Photoluminance emission intensity was decreased in the following order: ZnO > Mn-Zno > Ag-ZnO. Quenching 
in the emission intensity reveals the enhanced charge transfer rate. From the Tauc plot analysis, band gap energy was estimated. Hence, optical analysis exposes the 


Ag-doped ZnO has superior absorption and emission property. 


Highlights 

° Hexagonal wurtzite structured ,ZnO NPs, Mn-ZnO NPs and Ag-ZnO NPs synthesized by a Sol-Gel method. 

: Structural, morphological and optical properties of the synthesised NPs were studied and compared. 

° The structural analysis and morphological analysis reveal that doping of Mn and Ag didn't affect the crystalline structure of ZnO NPs but surface area varies due 
to the lattice defect. 

° The optical analysis expose the Ag-doped ZnO has superior absorption and emission property. 
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1. INTRODUCTION 

One of the great potentials that the metal oxides NPs hold in various applications 
owing to their significant capacity to absorb a variety of molecules. Among the 
other metal oxides, zinc oxide (ZnO) NPs have recognized itself as interesting 
materials because of its unique physical and chemical properties . Mainly, ZnO is 
a semiconductor in group II-VI, with band gap energy of 3.37 eV . ZnO NPs can 
occur in different structures. However, undoped ZnO (pure ZnO) NPs have 
certain drawbacks on light absorption activity since they have a wide band gap. 
In addition, the electrochemical properties are also hindered due to the fast 
electron-hole pair's recombination rate. So, in order to boost the optical, 
electrochemical properties of ZnO NPs, the transition metal-doped ZnO 
nanoparticles have been introduced . Mainly transition metal ions doped ZnO 
NPs have intrinsic donor defects, hence leading to the increase in the surface area 
—'—. Among the doping of other transition metals, doping of Mn into the ZnO host 
lattice can result in large injected spins and carriers which help it suitable to be 
applied as a magnetic semiconductor. Similarly, doping of Ag to ZnO NPs 
causes oxygen vacancies and alteration of ions in light scattering patterns. 


In this work, we synthesized pure ZnO, Ag-doped ZnO and Mn-doped ZnO NPs 
by sol-gel method and their morphological, structural and optical properties were 
studied and compared. 


2. MATERIALS AND METHODS 


2.1 Experimental methods 

Zinc acetate dehydrate (Zn(CH,COO),.2H,O, 99%), Silver (I) chloride (AgCl), 
Manganese (II) chloride (MnCl,), sodium hydroxide (NaOH, 99%) and ethanol 
were purchased from Merck India. 


Pure ZnO, Ag doped ZnO and Mn doped ZnO NPs were synthesized by Sol-Gel 
method. Initially, 20 g of NaOH was dissolved in 80 ml double distilled water and 
stirred vigorously to obtain NaOH solution. For the synthesis of pure ZnO NPs, 
0.02 mole of zinc acetate was mixed with 80 ml of ethanol and stirred 2 hours at 
60 °C. After that, NaOH solution was added dropwise till attained pH 11.5. 
Large amount of white solution were formed and this slurry were continuously 
stirred for 18 hours. This reactant was kept undisturbed manner for one day a 
white gel were formed, which was filtered and washed with distilled water and 
dried at 100 °C in hot air oven for 12 hrs and finally calcined at 550°C. There isa 
noticeable colour change from white to dark ash color. 


For the synthesis of Ag doped ZnO, 0.95 mole of zinc acetate and 0.05 mole of 
AgCl was added to 50 ml of ethanol and stirred well for 2 hrs at 60 °C. After that, 


NaOH solution was added dropwise till attained pH 11. Large amount of white 
solution were formed and this slurry were continuously stirred for 18 hrs. This 
reactant was kept undisturbed manner for one day, a white gel were formed, 
which was filtered and washed with distilled water and dried at 100 °C in hot air 
oven for 12 hrs and finally calcined at 550 °C. The same procedure was followed 
for the synthesis Mn-doped ZnO also. But, instead of AgCl, the same molar 
amount of MnCl, was used. The Schematic of synthesis procedure is shown in 
Fig 1. 
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Fig. 1 Schematic of the synthesis procedure of NPs by Sol-Gel Method 


2.2 Characterizations of synthesized NPs 

The crystalline structure and size of the synthesis NPs was examined by X-ray 
diffraction studies (Riganku Ultima ITV XRD spectrometer with nickel-filtered 
Cu-Ka with the scan rate of 0.020), High-resolution transmission electron 
microscope (HR-TEM Model: JSM-7600F) analysis, Scanning electron 
microscope (SEM — Zeiss supra 55VP) image studies. The crystal size of the 
synthesized NPs were calculated by using the Scherrer formula[7-9] 

D = (kA)/( B Cos®) 


Where D is the crystalline size, k is the Scherer constant (0.9), B is the full width 
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half maximum (FWHM) of the diffraction peak. 0 is the Braggs angle of 
diffraction and) is the wave length of X ray radiation. 


Optical properties were examined by using UV-Vis-NIR spectrophotometer 
(Model: L-650 UV, Perkin Elmer) and photoluminescence (PL) 
spectroflurometer (Nanolog, Horiba, Jobin Yvon). The band gap was estimated 
from the tauc plot (plotting (ahv)’ Versus hv ) using the relation reported in 
elsewhere[ 10-13]. 

(ahv)’ = A,(hy-E,) 


where o represents the absorption coefficient, h is the planks constant, v is the 
frequency, E, is the band gap and A, is the constant which related to the effective 
masses associated with the bands. 


3. RESULTS AND DISCUSSION 


3.1 Structural analysis 

The XRD spectrum of pure ZnO, Mn-ZnO and Ag-ZnO are shown in Fig. 2. In 
these spectra, diffraction peaks at around 20 =31.8°, 43.5°, 36.39°, 47.56°, 
56.61°, 62.91° and 67.98° were indexed according to (100),(002), (101),(102), 
(110), (103) and (112) planes of the hexagonal wurtzite crystal structures with 
space group P63mc (JCPDS No. 89-1397) [1, 14]. Close investigation reveals 
that, in XRD spectrum of Mn-doped ZnO NPs, the presence of metallic Mn 
diffraction peaks are not found. But, in the Ag-doped ZnO NPs, very less intense 
diffraction peaks of metallic Ag are observed at 38.21° and 44.41° ((111) plane 
and (200) plane of Ag) [15]. This may due to the ionic radii of Zn” (0.72 A), 
Mn” (0.80 A) and Ag’ (1.22 A) ions. That is, Zn” and Mn” has almost similar 
ionic size and it is lower than that of ionic size of Ag’. Therefore, doping of Ag to 
ZnO crystals host causes the formation of oxygen vacancies and alteration of 
ions in light scattering patterns [6] . By using the Scherrer formula, the crystalline 
size of pure ZnO, Mn-ZnO and Ag-ZnO was calculated to be 16 nm, 22 nm and 
36 nm, respectively. 
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Fig. 2 XRD spectra of Pure ZnO NPs, Ag doped ZnO and MN doped ZnO 


3.2. Morphological analysis 

The TEM image of the pure ZnO, Mn doped ZnO and Ag doped ZnO is exposed 
in Fig.3 (a-c) (inset: the selected area diffraction patterns). These images 
confirms the nano crystalline nature of the synthesized samples. From these 
images, the average crystal size of the pure ZnO, Mn doped ZnO and Ag doped 
ZnO was found to be 14 nm, 20 nm and 35 nm, respectively. This confirm the 
difference in the crystal size (pure ZnO < Mn doped ZnO < Ag doped ZnO). 


Fig. 3 TEM image and SAED pattern of (a) Pure ZnO NPs, (b) Mn doped 


ZnO and (c) Ag doped ZnO 

The SEM image (Fig. 4 (a-c)) shows the surface nature of the synthesized NPs. 
From these images, it confirms that the morphology of the NPs changes while 
doping Mn and Ag. More than that agglomeration was very less in pure ZnO in 
comparison with doped ZnO. This may be due to the crystal imperfection and 
lattice defect, varies in lattice parameters and surface area. EDX spectra (Fig.5 
(a-c) reveals that other than Zn and O, the presence of Mn in Mn-ZnO and Ag in 
Ag-ZnO 
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Fig. 4 SEM images of (a) Pure ZnO NPs, (b) Mn doped ZnO and (c) Ag 
doped ZnO 
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Fig. 5 EDX spectrum of (a) Pure ZnO NPs, (b) Mn doped ZnO and (c) Ag 
doped ZnO 


3.2 Optical studies 

The UV-Vis absorbance spectrum of pure ZnO, Mn doped ZnO and Ag doped 
ZnO depicts in Fig. 6(a). These spectrum shows strong absorption maximum at 
around 350 to 400 nm. In the UV spectrum of the pure ZnO, the absorption peak 
was centered at 357 nm. This is due to the intrinsic band gap of hexagonal 
wurtzite structured ZnO nanocrystals. This occurs due to the transition of 
electron from valance band to conduction band. There is a red shift of absorption 
was observed while doping. This improved light absorption is due to the 
presence of Mnand Ag into the ZnO host [16]. 


The optical band gap of the pure ZnO, Mn-ZnO and Ag-ZnO was estimated from 
the Tauc plot (Fig.6 (b)) analysis. From this, bandgap energy is found to be 3.34 
eV, 2.72 eV, and 2.51 eV for pure ZnO, Mn-ZnO and Ag-ZnO NPs, respectively. 
Narrowing the band gap agrees the quantum confinement effect, that is, the band 
gap of a semiconductor decrease while increase in the crystal size [17]. While 
doping Ag or Mn, the size of the NPs varies with dopant impurities. It leads to 
over agglomeration of impurities, results in increase in size and decrease in band 


gap. 
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Fig. 6 (a) Uv-Vis Absorbance spectra and (b) Tauc plot Pure ZnO NPs, (b) 
Mn-ZnO and © Ag-ZnO 


The PL emission spectra of pure ZnO, Mn-ZnO and Ag-ZnO NPs at an excitation 
wavelength of 325 nm is shown in Fig. 7. In all the three NPs, there is narrow 
emission peak was observed at 385 nm with 30 nm in peak width, indicates the 
free excitonic recombination in ZnO [16]. There is a decrease in Intensity of the 
emission peaks was observed while doping in the following order: ZnO > Mn- 
Zno > Ag-ZnO. Quenching in the emission intensity reveals the disrupting the 
recombination rate [18]. This is mainly due to the particle agglomeration [19]. 
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Fig. 7 PLemission spectrum of Pure ZnO NPs, Mn-ZnO and Ag-ZnO 


4. CONCLUSION 

Pure ZnO NPs, Mn doped ZnO and Ag doped ZnO were synthesized by a sol-gel 
method. Its XRD spectrum analysis revealed that there is no change in the 
hexagonal wurtzite structures of ZnO NPs while doping with Mn or Ag. The 
crystalline size of pure ZnO, Mn-ZnO and Ag-ZnO was calculated to be 16 nm, 
22 nm and 33 nm, respectively. SEM and TEM analysis conforms that, while 
doping Ag or Mn, the size of the NPs varies with respect to dopant impurities. It 
leads to over agglomeration of impurities, results in increase in size. Uv-vis 
absorption spectra reveal that Ag- ZnO NPs have broad light absorption 
capability compared to pure ZnO and Mn- ZnO. This is due to the narrow 
bandgap of Ag- ZnO NPs. Similarly, PL emission intensity of Ag doped ZnO was 
quenched with respect to the pure ZnO and Mn-ZnO, which exposes the 
disrupting the recombination rate Hence Ag-ZnO has superior optical properties. 
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